The main purpose of this paper is to develop a framework for the process design stage of production system life cycle (PSLC) using weighted interpretive structural modelling (ISM) and MICMAC analysis. In the present study, various quality enabled factors (QEFs) of process design stage has been identified through the extensive literature analysis and opinions of industrial and academic experts. In order to validate the identified QEFs, a questionnaire survey has been utilised. Then, QEFs are analysed by using ISM approach in order to develop the relationship among the considered QEFs. Afterwards, Matriced Impacts Croises Multiplication Appliqueeaun Classement (MICMAC) analysis is used to identify the driving and dependence power of QEFs. Lastly, a method of effectiveness index (EI) has been used for identifying the key areas of process design stage of PSLC. This index can be effectively utilised by the manufacturing organisations to benchmark their process design phase through effectively utilising the QEFs reported in this work.
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Introduction
The advancement in field of technology is phenomenal in the last century and more so in the last quarter of the century. Similarly, the rate of development in field of manufacturing technology has been extraordinary in the last decade (Farooq and O'Brien, 2010) . Moreover, the competition is also rising day by day due to the availability of wide variety of products for the customers at economical rates. This has forced the manufacturing managers to make their decisions more effectively and efficiently within the specific time horizon in the different stages of the production system life cycle (PSLC). Process design and product design stage are the two vital stages of PSLC as these stages forms the basis of production system. Giachetti (1998) discussed that the design of a product and its production processes must be instantaneously pursued in the today's competitive market. The details of PSLC can be found from the literature (Attri and Grover, 2012 , 2015a , 2015b . Process design stage lays the basis for the conversion of designed abstract idea into the tangible form for an organisation. This stage basically encompasses decisions such as selection of production routing, processing equipment, i.e., machines selection and choice of technology, etc. Moreover, it also forms the foundation of facility layout design stage of PSLC.
Selection of manufacturing processes for an industrial application is a long standing, complex decision making problem which has prospective influence on the entire product life cycle including manufacturing, distribution, consumer use, recycling, and disposal. Furthermore, it ultimately influence widely fluctuating aspects of the company management, such as company policies and the availability of facilities and trained personnel (Lovatt and Shercliff, 1998a; Djassemi, 2009) . Process selection for a definite manufacturing assignment can be done by recognising the required design requirements and then mapping the attributes of design requirements with the available processing capability options (Shercliff and Lovatt, 2001 ). An organisation with a tremendous manufacturing process yields a quality product which passes rigorous checks and gains consumer acceptance .
The process design stage of PSLC is affected by a number of factors known as quality enabled factors (QEFs) such as processing requirements, availability of required machines, desired specifications of machines, capital requirement, processing requirements and availability of technology, etc. These QEFs not only affects the process design stage of PSLC but also affects each other. So, it is very essential to understand the nature of these QEFs and their related relationship so that the driving QEFs and dependent QEFs may be identified. Driving QEFs are those QEFs which influences the other QEFs while dependent QEFs are those QEFs which are influenced by the other QEFs.
In the current work, an effort has been made to achieve the above task of analysis of these QEFs using the ISM, MICMAC analysis and method of effectiveness index (EI). ISM is a multi-criteria decision making approach which develops hierarchy on the basis of relationships among the elements related to an issue. MICMAC analysis is most widely used for the classification of elements into four groups, i.e., autonomous, dependent, linkage and dependent Grover, 2013c, 2013d) . Method of EI is mainly utilised for developing a benchmark for a specific process. So, in this paper, the QEFs of process design stage of PSLC has been analysed by using the ISM, MICMAC and EI method. The main objectives of this paper are as follows:
• to identify the QEFs affecting the process design stage of PSLC
• to establish the relationship among the identified QEFs using the ISM approach
• to classify the QEFs into different categories by using MICMAC analysis
• to compute the EI for process design stage of PSLC.
Literature review
Manufacturing process planning is the process of choosing and sequencing the manufacturing processes in order to attain one or more goals (e.g., lower cost, shorter processing time, etc.) and to fulfil a set of domain limits (Shen, 2006) . The selection of an appropriate manufacturing process encompasses the consideration of intricate combination between features of design, material and process (Shercliff and Lovatt, 2001) . Manufacturing process selection necessitates the consideration of several factors such as type of material; shape and cost of component (Djassemi, 2008) . The benefits of a good manufacturing process are quality products, reduced labour rate, great employee confidence, optimistic image and higher revenues. The manufacturing process should endure low cost, low scrap and quick so as to be economical (Jahazi and Hossein-Nejad, 2004) . So, it is very essential to cultivate suitable designing aids to help the design managers in the selection of manufacturing processes (Perzyk and Mefta, 1998) .
In literature, several authors have developed various methods to assist the manufacturing or design managers to decide and choose the right manufacturing process for a product. Singh et al. (2011) have applied GTA methodology for selection of manufacturing process. Perzyk and Mefta (1998) have developed a module known as 'Evaluation System' for the selection of manufacturing processes. This module uses the prevailing data on process capabilities, design for manufacturability rules and materials processing. Hambali et al. (2009) have used AHP approach for the selection of composite manufacturing process at the early stage of product development process. Esawi and Ashby (1998a) have developed a systematic computer-based procedure for the selection of process steps to manufacture a product or component. Desai et al. (2012) have developed a material and process selection engine (MPSE) based on AHP approach for selection of material and process in the design of a product. Esawi and Ashby (1998b) have proposed a resource consumption cost model for the ranking of manufacturing process in order to assist the decision makers in selection of process. Giachetti (1998) developed a decision support system for the selection of material and manufacturing process. Giess et al. (2009) have proposed the application of faceted classification to assist the engineering designers to select the manufacturing process. Ashby et al. (2004) have advocated various strategies for the selection of materials and processes. Shercliff (1998a, 1998b) presented a single framework model for the selection of manufacturing process in the engineering design.
In literature, limited number of authors has proposed different ways for improving the quality of manufacturing processes. Antony and Roy (1998) have applied statistical design of experiments for the improvement of process quality. Antony (2000) has used the experimental design for improving the quality of manufacturing process. Antony (2001) has utilised the design of experiments (DOE) for improving the manufacturing process. Nestic et al. (2015) have developed a model based on the fuzzy sets and genetic algorithm approach for the assessment and optimisation of production process quality. Low et al. (2015) have identified and categorised the existing improvement models used in process improvement. Vimal and Vinodh (2015) have developed a checklist for evaluating sustainability characteristics of manufacturing processes. Srivastava and Jena (2011) have presented a integrated approach for structuring and solving the process improvement process systematically. The details of QEFs (Figure 1 ) are described underneath:
• Major technology evaluation and selection: Developments in technology have great impact on the process design decisions (Reid and Sanders, 2013) . The production department of organisation must evaluate all the available technologies before the process design of product to be manufactured. For this, proper economic feasibility study must be carried out by the organisation. The organisations may seek the help of technical experts for effectively designing the process stage.
• Transformation processes evaluation and selection: The production department must critically review the available alternative transformation processes in context of selected major technology. The transformation processes must not have any negative impact on the environment along with no legal constraints. Here, make or buy analysis must be carried out by the organisation in order to decide whether to manufacture the components of product in the organisation itself or to purchase it from the vendors (Reid and Sanders, 2013) . The process designers need to evaluate different processing options within the capital limit (Djassemi, 2008) .
• Proper assessment and selection of specific equipment: The production department has to select the specific equipment for the manufacturing of designed product depending upon the selected technology and transformation processes. The specific equipment should be evaluated in terms of cost and desired output level. Before the selection of equipment, investment analysis, make or buy analysis and break even analysis must be carried out by the organisation.
• Proper analysis and selection of production routings: The production department should select the appropriate production routing that a product must follow during its production (Esawi and Ashby, 1998a) . The production routing depends upon the specifications of product, specific equipment and transformation processes to be used. For this, production department must prepare assembly charts, route sheets and flow process charts for each component of the product.
• Available financial resources: The organisation must have adequate financial resources as it affects the selection of technology, transformation process, equipment and workforce selection. Proper investment analysis must be carried out by the organisation to check the viability of implementation of selected major technology.
• Workforce availability: Workforce availability is a key factor in the selection of process or its design. The highly automated technology and equipment necessitates the highly educated workforce for operating them. Less educated workforce will require education and training in order to develop them for operating these systems or machines. This will lead to superfluous expenses on the organisation.
• Specific equipment availability: The equipment selected for manufacturing of the designed product must be easily available to the organisation. Moreover, its replacement parts and tooling's must be easily available to the organisation.
• Supplier availability and assistance: The supplier's must be reliable and should assist in installation, correcting or repairing of the specific equipment. Training must be provided by the supplier for educating the workforce in dealing the operation of specific equipment.
• Updated knowledge: The production department of the organisation must have updated knowledge in terms of new, available technology, equipment and transformation processes, etc.
Methodology
In this paper, questionnaire-based survey, interpretive structural modelling (ISM) approach and method of EI have been utilised for achieving the objectives of the research. Here, questionnaire-based survey is used for the validation of QEFs of process design stage and ISM approach has been used for developing the structural framework for process design stage of PSLC. This ISM-based framework is used to evaluate the EI of process design stage. The details of these methodologies are presented in the following sections along with their results.
Questionnaire-based survey
The prime objective of the questionnaire-based survey was to assist the experts in development of relationship matrix for the preparation of diagraph and ISM model. For this purpose, a structured questionnaire was developed on a five-point Likart scale. The respondents were requested to specify the importance of different QEFs on this 1-5 scale.
On this scale, 1 and 5 relate to 'very low importance' to 'very high importance', respectively. In this questionnaire, different issues related to different stages of PSLC were asked. But, in this paper we are focused on the QEFs of process design stage, so detailed discussion of the complete questionnaire is not in the scope of present paper. The part of the questionnaire related to process design stage is given in Appendix A. Sixty five responses were collected from the Indian manufacturing organisations. The respondents were having the better understanding of production system. The respondents selected for this research were the engineers or managers having minimum experience of five years. Moreover, respondents were asked to specify the any missing QEF related to process design stage of PSLC. But, in the survey no extra QEF was mentioned by the respondents. The targeted sample size was 170 but only 65 filled questionnaires were received. The statistical analysis of the received questionnaires was done by using SPSS (16.0 version) software. This analysis is presented in Table 2 . The value of Cronbach's alpha is computed as 0.729 using SPSS software. This value is acceptable for the internal consistence of scale as reported in literature of Nunnally (1978) and Black and Porter (1996) . Further, spearman's correlation (two-tailed) test among the QEFs was performed (Table 3 ). This test was performed to check the occurrence of multi-collinearity among the QEFs. Hair et al. (1995) discussed that the multi-collinearity occurs at the criterion value of 0.9 and above. Table 3 reveals that the all the considered QEFs are highly correlated to each other. Moreover, there is no indication of multi-collinearity. The spearman's correlation (two-tailed) test was performed by using SPSS software. Table 3 Correlation coefficients for QEFs
Major technology evaluation and selection Notes: **Correlation is significant at the 0.01 level (two-tailed). *Correlation is significant at the 0.05 level (two-tailed).
ISM approach
ISM is a soft operation approach for solving the complex problems or issues under consideration. This approach was developed by Warfield (1976) . ISM is defined as an informative tool in which the relationships between the variables are represented in a hierarchical outline (Talib et al., 2011) . ISM is an interpretive process in which group's verdict decides the relationship between the elements. Moreover, it is a modelling approach in which developed relationship between the elements is represented in a digraph model. This digraph model enables us to visualise the problem completely. ISM can be utilised by the individuals as well as by the group. ISM transforms the ill-defined set of information into the well-defined set of information (Raj and Attri, 2011; Raj et al., 2012) . ISM approach has been utilised by the various researchers for understanding the relationship among the key variables related to an issue. Kannan et al. (2014) have analysed the drivers of end-of-life tyre management using the ISM approach. Mathiyazhagan and Haq (2013) have analysed the influential pressures for the adoption of green supply chain management using ISM approach. Attri and Grover (2015c) have used ISM approach for analysing the scheduling system stage of PSLC. Attri and Grover (2015d) have analysed the contextual relationship among the QEFs of inventory control system stage using ISM approach. Attri et al. (2013a) have applied ISM approach for modelling the enablers of total productive maintenance (TPM) implementation. Zaabi et al. (2013) have analysed the interaction between the barriers of sustainable supply chain management implementation by using ISM approach. Attri et al. (2013b) have analysed barriers of TPM using ISM approach. Kumar and Sharma (2014) have developed an ISM-based framework for structural relationship among the various manufacturing flexibility dimensions. Lu et al. (2014) have modelled the supply chain perception gaps by using ISM approach.
An extensive exploration of process design stage reveals that nine QEFs affect the process design stage of PSLC. An analysis of the QEFs reveals that direct and indirect relationship exists between these identified QEFs. In such a case, ISM approach can be carefully utilised for having enhanced understandings of the whole system. ISM approach starts with the identification of QEFs related to the issue under consideration. After identification, direct and indirect relationships are recognised between these QEFs, which are then transformed into a matrix (known as reachability matrix) that is lastly organised into a digraph model through a hierarchical arrangement (Figure 2 ). 
The various steps involved in the ISM approach which are schematically epitomised in Figure 3 are as follows:
Step 1 Identify the elements or variables related to the problem or issue under consideration. For this purpose, literature analysis and experts opinion's (both academia and industry) can be utilised.
Step 2 After, the identification of elements in the first step, contextual relationship between the variables is established. Basically, in this step, relationship is decided on the basis of contextual relationship of 'leads to' type.
Step 3 A structural self-interaction matrix (SSIM) is developed on the basis of existence of the relationship. This matrix shows the pairwise relationship between elements of problem or issue under consideration.
Step 4 After, the development of SSIM, a reachability matrix is developed from it. In this step, SSIM matrix elements are converted into binary digits. Then, this reachability matrix is checked for transitivity. Transitivity is the basic assumption in the ISM approach. It states that if an element X leads to Y, and Y leads to Z, then X will necessarily lead to Z.
Step 5 The reachability matrix obtained after the introduction of transitivity concept in previous step is partitioned into different levels.
Step 6 After, the partition of reachability matrix, a directed graph known as digraph is developed after the removal of transitive links.
Step 7 The digraph (obtained in step 6) is transformed into the ISM model by substituting nodes of element with statements.
Step 8 At last, developed ISM model is checked for conceptual inconsistency, and essential alterations are done, if required. 
Development of interpretive structural model for process design stage
The various steps, which lead to the establishment of ISM model for the process design stage of PSLC, are explained underneath:
Step 1 In this paper, nine QEFs were selected on the basis of literature analysis and expert's opinion (from academic and industrial background).
Step 2 A contextual relationship between the QEFs (identified in previous step) is established.
Step 3 A SSIM is developed for the nine identified QEFs. This matrix shows the pair wise relationship between the QEFs of process design. As, ISM approach suggests the use of the expert opinions in developing the contextual relationship among the identified QEFs, so five experts were approached for determining the nature of relationship between the QEFs. Out of five experts, two were from the academia and three were from the industrial background. Following four symbols were used for denoting the directional relationship between the QEFs: V QEF x leads to QEF y A QEF y leads to QEF x X QEF x and y leads to each other O QEF x and y are unrelated.
All the five experts were provided a questionnaire for determining the relationship between the QEFs (given in Appendix B). On the basis of the questionnaire, SSIM has been finalised as shown in Table 4 .
Step 4 In this step, SSIM (given in Table 4 ) is converted into a binary matrix which is known as initial reachability matrix. It is done by replacing the symbols V, A, X and O by binary digits, i.e., 1 and 0 according to the case. The rules for the replacement are as follows:
• If (x, y) entry in SSIM is V, then (x, y) entry in reachability matrix becomes 1 and (y, x) entry becomes 0.
• If (x, y) entry in SSIM is A, then (x, y) entry in reachability matrix becomes 0 and (y, x) entry becomes 1.
• If (x, y) entry in SSIM is X, then (x, y) entry in reachability matrix becomes 1 and (y, x) entry also becomes 1.
• If (x, y) entry in SSIM is O, then (x, y) entry in reachability matrix becomes 0 and (y, x) entry also becomes 0.
Following the rules of replacement, initial reachability matrix is developed as represented in Table 5 .
After the development of initial reachability matrix (Table 5) , it is checked for the transitivity. After incorporating the transitivity concept as described in step 4 of the ISM methodology, the final reachability matrix is obtained as shown in Table 6 .
Step 5 The final reachability matrix obtained in step 4 of ISM approach is partitioned into different levels. For this purpose, the reachability set and antecedent set is obtained for each QEF. These sets are found from the final reachability matrix (Table 6 ). The reachability set for a specific QEF consists of itself and all other QEFs, which it sways, while antecedent set for a specific QEF consists of itself and all other QEFs, which may sway it. After the development of reachability set and antecedent set of each QEF, intersection set is computed for each QEF. The QEF having same reachability set and intersection set are assigned top level in the ISM hierarchy. These top level QEFs will not aid in attaining any other QEF above their own level in the ISM model. After the recognition of top level QEFs, it is eliminated from the further ISM analysis (i.e., eliminating that QEF from all sets). For example, as seen in Table 7 , 'Proper assessment and selection of specific equipment' (QEF-F 3 ) and 'Proper analysis and selection of production routings' (QEF-F 4 ) is obtained at level 1 as their reachability and intersection sets are similar. Therefore, it would be placed at the top of the ISM model. Then, QEF-F 3 and QEF-F 4 are detached from all the sets for further ISM analysis as its level in ISM model has been attained. This iteration process is continued till the levels of each considered QEF in ISM analysis are found out (Tables 7 to 11 ). The recognised levels of each QEF assist aids in development of digraph and ISM model.
Step 6 After the development of relationship obtained through the partitioning of the final reachability matrix, a directed graph (digraph) is drawn ( Figure 4 ) and its transitive links are eliminated.
Step 7 The digraph obtained in step 6 is renovated into the ISM model ( Figure 5 ) by replacing the nodes of element with statements.
Step 8 At last, ISM model developed in step 7 is checked for conceptual inconsistency, and necessary modifications are carried out, if required.
Table 4
Structural self-interactive matrix
Major technology evaluation and selection Table 5 Initial reachability matrix Table 6 Final reachability matrix 
Figure 4 Digraph showing levels of QEFs Table 8 Iteration 2 Table 9 Iteration 3 Table 10 Iteration 4
Table 11
Iteration 5 6 Classification of process design QEFs (MICMAC analysis) Duperrin and Godet (1973) developed MICMAC analysis for examining the diffusion of impacts through reaction paths and loops for the development of hierarchy. MICMAC analysis (also known as cross-impact matrix multiplication applied to classification) is based on the multiplication properties of matrices (Sharma et al., 1995) . The objective of MICMAC analysis is to examine the driving power and dependence power of the elements (QEFs in the present case) considered in an issue or problem. Basically, it helps in the classification of the QEFs on the basis of driving power and dependence power. The QEFs are categorised into four clusters ( Figure 6 ).
• First cluster (I) comprehends 'autonomous QEFs' which have weak driving power and weak dependence power. These autonomous QEFs are moderately disengaged from the system. Moreover, these QEFs may have only few associations, which may be robust.
• Second cluster (II) covers 'dependent QEFs' which have weak driving power but strong dependence power.
• Third cluster (III) contains 'linkage QEFs' which have strong driving power and along with strong dependence power. These QEFs are considered to be unstable in the system because any action on these QEFs affects the other QEFs along with a feedback on themselves.
• Fourth cluster (IV) holds 'independent QEFs' which have strong driving power but weak dependence power.
For the development of driving power-dependence diagram (based on MICMAC analysis), a conical matrix (lower triangular matrix) is developed. Conical matrix (Table 12) is obtained from the partitioned reachability matrix by reorganising the QEFs according to their identified level (in partitioning step). In simple words, it is obtained by clubbing all the QEFs of same level. Table 12 also shows the driving power and dependence power of each QEF. The driving power of a specific QEF is computed by totalling the number of sources (containing itself) that it sways. The dependence power is calculated by totalling the number of sources (containing itself) that it may help in swaying its development. The driving power and dependence power values obtained in Table 12 will be utilised in the classification of QEFs in the MICMAC analysis. On the basis of conical matrix (Table 12) , driving power-dependence diagram (Figure 6 ) is developed.
The classification of QEFs done in this paper is same as done by Mandal and Deshmukh, (1994) . As an illustration, it is perceived from conical matrix ( Table 12 ) that QEF-F 1 is having a driving power of '7' and a dependence power of '3'. Hence, in this diagram, it is located at a place matching to a driving power of '7' and a dependence power of '3'. Similarly, all the QEFs are being placed according to their driving power and dependence power.
Table 12
Conical matrix
Driving power Rank 
Effectiveness index
For the computation of EI, different QEFs of process design stage such as major technology evaluation and selection, transformation processes evaluation and selection, proper assessment and selection of specific equipment, proper analysis and selection of production routings, available financial resources, workforce availability, specific equipment availability, supplier availability and assistance and updated knowledge are considered. Here, the framework proposed by Cleveland et al. (1989) for production competence is extended to compute the EI. This framework has been effectively utilised by different authors for developing the various index. Singh (2008) has used this framework for evaluating the competitiveness index of an organisation; Singh (2011) has used this framework for evaluating the coordination index for an organisation; Chand et al. (2014) have used this framework for evaluating the EI for analysing the operational risks of supply chain. W i = -1 (weakness) when % score < 40% (mean value < 2).
Effectiveness for the present work is demonstrated with the help of a worksheet as shown in Table 13 . The sum of entries of last column of Table 13 gives the value of EI, i.e., 5.558. Theoretically, the value of EI can vary from -5.558 to +5.558.
Results and discussion

Insights from the digraph and ISM model
The developed ISM model for the process design stage of PSLC involves five levels of hierarchy ( Figure 5 ). The first level of model consists of 'available financial resources' (F 5 ) and 'updated knowledge' (F 9 ) QEFs which are very necessary for the efficient design of process stage. These first level QEFs are having maximum driving power and minimum dependence power as visualised from the driving power and dependence diagram ( Figure 6 ). This means that the managers who are responsible for the design of this stage must have updated knowledge of the processes, machines and newly automated technologies. The second level QEF in this study is 'major technology evaluation and selection' (F 1 ). This QEF makes the root of the production system in the presence of first level QEFs, i.e., knowledge and financial resources. All other QEFs except first level QEFs will rely on this QEF. The third level QEFs are 'workforce availability' (F 6 ) and 'supplier availability and assistance' (F 8 ) in the ISM model. These QEFs rely on the technology selected for the manufacturing of the newly designed product. The next level (Level 4) QEFs are 'transformation processes evaluation and selection' (F 2 ), 'specific equipment availability' (F 7 ). These QEFs mainly rely on the major technology evaluation and selection. Top level (Level 5) QEFs are 'proper assessment and selection of specific equipment' (F 3 ) and 'proper analysis and selection of production routings' (F 4 ). These top level QEFs depend on the QEFs below their own level. From the ISM-based model, it can be estimated that major technology evaluation and selection, updated knowledge and financial resources availability are the most dynamic QEFs in the process design stage.
Insights from driving power and dependence diagram
The driving power and dependence diagram (Figure 6 ) classifies the QEFs into four categories. First category consists of autonomous QEFs such as 'workforce availability' (F 6 ) and 'supplier availability and assistance' (F 8 ). These two QEFs are having weak driving power as well as weak dependence power. They QEFs play quite less significant role in the process design but these QEFs cannot be neglected at all. 'Transformation processes evaluation and selection' (F 2 ), 'proper assessment and selection of specific equipment' (F 3 ) and 'proper analysis and selection of production routings' (F 4 ) and 'specific equipment availability' (F 7 ) are the dependent QEFs. These QEFs are having weak driving power and strong dependence power. These QEFs lie at the top of the ISM hierarchy ( Figure 5 ). These QEFs depend upon the low level QEFs. Moreover, there are no linkage QEFs which have strong driving power and strong dependence. Therefore, it can be concluded that amongst all QEFs identified in this paper, no QEF is unstable. Figure 6 also shows that 'major technology evaluation and selection' (F 1 ), 'available financial resources' (F 5 ) and 'updated knowledge' (F 9 ) are the independent QEFs as they have strong driving power and weak dependence. These QEFs will help in the effective design of the process stage of the PSLC.
Insights from EI
On the basis of questionnaire survey responses on the various QEFs of process design stage of PSLC, EI was computed (Table 13 ) and found to be 5.558. Theoretically, this value ranges from -5.558 to 5.558. For the present case, EI is at its maximum level. This developed approach can be utilised by the manufacturing organisations to benchmark its process design process in order to effectively design the process stage of PSLC. Moreover, it assists in SWOT (strengths, weaknesses, opportunities and threats) analysis for the process design stage. On the basis of SWOT analysis, organisations can develop proper strategies for effectively designing the process design stage, thereby improving the competiveness in global market.
Conclusions
In this paper, a hierarchy of nine QEFs, identified from the literature analysis and inputs of industrial and academic experts for the process design stage of the PSLC has been developed by using the ISM approach. The developed ISM hierarchy model has classified the considered QEFs into five different levels on the basis of their inter-relationship. The developed ISM model can form the basis of the basic guidelines to the managers or decision makers of the manufacturing organisations to effectively design their process stage. It has been detected from the ISM model and driving power-dependence diagram that QEF such as major technology evaluation and selection, availability of financial resources and updated knowledge are the key QEFs in the process design stage and these QEFs helps in attaining all the other QEFs. In other words, these QEFs influence all the other QEFs of process design stage. Moreover, the index developed in the present work can be utilised as a benchmark tool for the effective design of process in an organisation. The main limitation of the present ISM-based analysis is the development of SSIM which is grounded on the opinions of expert's and this may result into some biasness. In the current work, the ISM hierarchy model is generated from the input of five experts (academic and industrial background). Moreover, this developed ISM model is not statistically validated. For this purpose, structural equation modelling (SEM) approach may be utilised. SEM approach has the competency to test the validity of such developed hypothetical models. Thus, it may be used in future to verify the validity of this developed ISM model.
At last, it would be interesting to signify the significant features of the ISM approach:
• ISM approach helps in analysing the relationships among the QEFs of the process design stage of PSLC
• it aids in the categorisation of process design stage QEFs such as autonomous, dependent, linkage and independent categories
• it assists the managers of the manufacturing organisations to develop the strategies to handle the QEFs of the process design stage. 
